Mayfly and fish species identification and sex determination in bleak (Alburnus alburnus) by MALDI-TOF mass spectrometry by Maász, Gábor et al.
 Figure S1 – Morphological sex identification of Ephemera species. The E. vulgata (A) and E. lineata (B) were 
identified based on the abdominal terga of 7, 8 and 9 (Elliott, et al., 1988; Bauernfeind and Soldán, 2012). 
 
 
 Figure S2 – Morphological sex identification of A. alburnus. The male (left side) and female (right side) 
were identified based on testis and ovary, respectively. 
 
 Figure S3 – Identification of mayfly species. The A panel shows the intensity of m/z 1252.0 and 1297.6, as 
an identified differences between the two species. The B panel graphically illustrates the intensities of m/z 
1252.0 in a smaller range (m/z 1232-1276). Representative cluster analysis (C) from sample sets of the E. 
vulgata (green) and E. lineata (red) groups using the relative intensities of the markers with m/z 1252.0 
and 1297.6 by ClinProTools. Identification of mayfly larvae based on SOMs (D) presenting 3-3 induviduum. 
The redder color indicates higher intensities of the markers in the range of m/z 1200.0 to 1300.0. 
 Monoisotopic mass [m/z]  p value  Location  Specificity 
1252.0  0.00330  Table 1  E. vulgata 
1789.0  0.00771  Table 1  E. vulgata 
2697.8  0.04325  Table 1  E. vulgata 
3166.0  0.00956  Table 1  E. vulgata 
1297.6  0.04197  Table 1  E. lineata 
1336.7  0.00955  Table 1  E. lineata 
3281.0  0.00278  Table 1  E. lineata 
745.5  0.00121  Table 2  A. alburnus 
1169.8  0.01164  Table 2  A. alburnus 
1290.8  0.00217  Table 2  R. rutilus 
1315.8  0.01624  Table 2  R. rutilus 
1424.2  0.00573  Table 2  R. rutilus 
1714.2  0.01687  Table 2  R. rutilus 
1797.3  0.03812  Table 2  R. rutilus 
2031.2  0.00463  Table 2  R. rutilus 
1020.6  0.00286  Table 2  P. parva 
1030.6  0.00130  Table 2  P. parva 
1109.6  0.00183  Table 2  P. parva 
1522.8  0.04811  Table 2  P. parva 
1768.9  0.00722  Table 2  P. parva 
3036.5  0.00674  Table 2  P. parva 
916.6  0.00165  Table 2  A. anguilla 
987.7  0.00092  Table 2  A. anguilla 
1080.7  0.00126  Table 2  A. anguilla 
1166.8  0.00114  Table 2  A. anguilla 
1171.8  0.00226  Table 2  A. anguilla 
1207.7  0.00367  Table 2  A. anguilla 
1378.0  0.01632  Table 2  A. anguilla 
1507.0  0.00819  Table 2  A. anguilla 
1578.1  0.02191  Table 2  A. anguilla 
1805.1  0.01452  Table 2  A. anguilla 
1849.2  0.01824  Table 2  A. anguilla 
2117.2  0.01136  Table 2  A. anguilla 
771.4  0.01623  Table 2  A. brama 
1784.0  0.01116  Table 2  A. brama 
2221.7  0.01115  Table 2  A. brama 
2256.2  0.00565  Table 2  A. brama 
2308.6  0.00563  Table 2  A. brama 
2343.6  0.00288  Table 2  A. brama 
777.4  0.00116  Table 2  C. auratus gibelio 
949.6  0.01134  Table 2  C. auratus gibelio 
1112.6  0.00071  Table 2  C. auratus gibelio 
1145.6  0.00273  Table 2  C. auratus gibelio 
1446.8  0.01082  Table 2  C. auratus gibelio 
1559.8  0.00935  Table 2  C. auratus gibelio 
1573.8  0.02374  Table 2  C. auratus gibelio 
1578.9  0.02769  Table 2  C. auratus gibelio 
1765.0  0.02483  Table 2  C. auratus gibelio 
1900.0  0.00782  Table 2  C. auratus gibelio 
1909.0  0.04493  Table 2  C. auratus gibelio 
794.5  0.00226  Table 2  P. fluviatilis 
891.5  0.00214  Table 2  P. fluviatilis 
936.6  0.00216  Table 2  P. fluviatilis 
979.6  0.00084  Table 2  P. fluviatilis 
1098.6  0.00087  Table 2  P. fluviatilis 
1182.6  0.00084  Table 2  P. fluviatilis 
1414.8  0.00088  Table 2  P. fluviatilis 
1448.9  0.04999  Table 2  P. fluviatilis 
1718.9  0.04824  Table 2  P. fluviatilis 
1940.3  0.04826  Table 2  P. fluviatilis 
594.3  0.00123  Table 2  L. gibbosus 
710.4  0.00126  Table 2  L. gibbosus 
731.4  0.00863  Table 2  L. gibbosus 
1127.6  0.01662  Table 2  L. gibbosus 
1252.6  0.01661  Table 2  L. gibbosus 
1405.8  0.01157  Table 2  L. gibbosus 
1940.0  0.04970  Table 2  L. gibbosus 
4721.6  0.01724  Table 2  L. gibbosus 
960.8  0.00495  Table 3  male A. alburnus 
1062.7  0.00314  Table 3  male A. alburnus 
1131.6  0.00499  Table 3  male A. alburnus 
1178.8  0.00774  Table 3  male A. alburnus 
1201.8  0.00652  Table 3  male A. alburnus 
1225.8  0.00195  Table 3  male A. alburnus 
1315.9  0.03325  Table 3  male A. alburnus 
1460.9  0.04006  Table 3  male A. alburnus 
1611.1  0.00322  Table 3  male A. alburnus 
2088.5  0.00019  Table 3  male A. alburnus 
808.6  0.00956  Table 3  female A. alburnus 
945.8  0.00669  Table 3  female A. alburnus 
1388.1  0.02567  Table 3  female A. alburnus 
1749.1  0.00333  Table 3  female A. alburnus 
3081.9  0.04420  Table 3  female A. alburnus 
4821.1  0.00877  Table 3  female A. alburnus 
4858.2  0.05000  Table 3  female A. alburnus 
4893.2  0.00763  Table 3  female A. alburnus 




The manually pre-selected potential markers were statistically confirmed by Matlab. Kruskal-Wallis 




Statistical analysis of Ephemera larvae. S – inclusion (X)/exclusion (-) state of the peak, Index – peak index, 
Mass – m/z value, DAve – difference between the maximal and the minimal average peak area/ intensity 
of all groups, PTTA – p-value of t-test and analysis of variance (ANOVA), PWKW – p-value of Wilcoxon test, 
PAD – p-value of Anderson-Darling test, Ave1 – average peak intensity of Ephemera lineata (peak by peak), 
Ave2 – average peak intensity of Ephemera vulgate (peak by peak), StdDev – the standard deviation of the 
peak area/ intensity average of group, CV – means coefficient of variation of group.  
Use of different peak picking methods (monoisotopic mass - manually, and average mass - ClinProTools) 
caused the differences between m/z value of similar peaks from manually (e.g. m/z 1252.0, see Table 1) 




 Table S3 
Statistical analysis of Fish. S – inclusion (X)/exclusion (-) state of the peak, Index – peak index, Mass – m/z 
value, DAve – difference between the maximal and the minimal average peak area/ intensity of all groups, 
PTTA – p-value of t-test and analysis of variance (ANOVA), PWKW – p-value of Wilcoxon test, PAD – p-
value of Anderson-Darling test, Ave1-8  – average peak intensity of Anguilla anguilla, Rutilus rutilus, 
Abramis brama, Carassius gibelio, Alburnus alburnus, Lepomis gibbosus, Pseudorasbora parva, Perca 
fluviatilis (peak by peak), StdDev – the standard deviation of the peak area/ intensity average of group, CV 
– means coefficient of variation of group.  
Use of different peak picking methods (monoisotopic mass - manually, and average mass - ClinProTools) 
caused the differences between m/z value of similar peaks from manually (e.g. m/z 1020.6, see Table 2) 
and ClinProTools data (e.g. m/z 1020.8, see Supplementary data Table S3). 

 Table S4 
Statistical analysis of male and female bleaks. S – inclusion (X)/exclusion (-) state of the peak, Index – peak 
index, Mass – m/z value, DAve – difference between the maximal and the minimal average peak area/ 
intensity of all groups, PTTA – p-value of t-test and analysis of variance (ANOVA), PWKW – p-value of 
Wilcoxon test, PAD – p-value of Anderson-Darling test, Ave1 – average peak intensity of male (peak by 
peak), Ave2 – average peak intensity of female (peak by peak), StdDev – the standard deviation of the peak 
area/ intensity average of group, CV – means coefficient of variation of group. 
Use of different peak picking methods (monoisotopic mass - manually, and average mass - ClinProTools) 
caused the differences between m/z value of similar peaks from manually (e.g. m/z 1749.1, see Table 3) 
and ClinProTools data (e.g. m/z 1749.9, see Supplementary data Table S4). 
